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Summary

Populations of the butterfiy Euphydryas editha differ in their stability and in their response to
stresses such as drought. These differences depend in detailed fashion on the nature of the relation-
ships berween the buttesfly and its food-plants, parasites and climate. Extinctions have occurred
several times during this study and are probably frequent in many populations of this species.

A central problem in population biology remains the development of generalizations
about the distribution and abundance of plants and animals, and the nature of their genetic
and phenetic responses 1o environmental changes. The solution to this problem requires a
data base of long-term studies of -natural populations of a variety of organisms: In this -
context, one of us (PRE) selected for study the burterfly Euphydryas editha Boisduval
(Nymphalidae: nymphalinae). This inconspicuous species was not known for its popula-
tion cycles, outhreaks, migrations or economic importance, and hence differs from the
butk of insects on which long term data have been gathered. Changes in numbers of this
butterfiy have been measured in some populations since 1960 (EHRLICH et al., 1975) and in
others for shorter periods of time. Concurrent studies have been carried out on the
different ecological relationships berween Euphydryas editha and other organisms (e.g.,
WHITE, 1974; EHRLICH et al,, 1975). It is now possible to describe the probable effects of
interpopulation differences in these relationships on the dynamics of Exphydryas editha
populations. Data are also being gathered on changes in frequency of genes which affect
aliozyme loci in order 1o examine the relationships between these frequencies and
population dynamic changes. The recent California drought has bronght about extinction
of some Euphydryas editha populations and drastic reduction of others, while leaving a few
apparently unaffected. This has provided information on the susceptibility of populations
with different ecological relationships to one major kind of environmental stress. It will
also permit us to examine the effects of the population size bottlenecks on subsequent
changes in allozyme frequencies in several populations.

In contrast to most speakers at this conference, we are studying an organism for which
interspecific competition seems rarely of importance. E. editha sometimes occurs sym-
patrically with one or at most two congeners and sometimes not; there is no evidence for
biological interference or character displacement in areas of sympatry, or indeed, for any of
the kinds of pattern described by DIAMOND (this volume). Thus, if our study is compared
to the other insect-plant work in this symposium, we should have a simpler situation in
which to look at the population dynamics of our study organism than does ZWOLFER, who
is dealing with complex forms of competition as well as reciprocal interactions between the
plant populations and the various insect species which feed upon them. We can hope to
interpret the dynamics of E. editha populations in terms of the insect’s interactions with
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microdistribution of larvae and hence the phase relationship between plants and insects
in year 2 in such a way as to increase the survival of pre-diapause larvae in year 2 and
hence the population density in year 3. Conversely, it should hold that a dry year will
adversely affect the phase relationship in the following year. If this year, too, is dry, the
slightly later flight season brought about indirectly by the previous dry year, will iend to
increase larval starvation still further.

2. In years when the phase relationship is unfavorable to £. editha, most larvae run out of
food sooner and enter diapause smaller than they do in more favorable years. This 15 a
second factor tending to make the flight season the following year 2 lirtle later, since
smaller diapausing larvae take longer ro reach adult size.

3.In dry years the host plant produces seeds which are both fewer and smaller (R. R.
WHITE, unpublished). Since vae length of the growing season limits P. erecta as well as
E. editha, and since small plants usually undergo earlier senescence than large plants, the
effect of drought on seed size should also cause a carry-over effect to the following year
in a manner unfavorable to the butterfly. Any effect of lower seed mumber on plant size

through reduced competition would counteract this, however.

Overall effects of the drought

E. editha occurs in many different habitat types, using at least five genera of host-plants,
though it is usually monophagous in each population (SINGER, 1971b). We have generated
expectations about the suscepribility of different ecotypes of E. editha to climaric fluctua-
tons. In 1971, SINGER wrote: «In populations {e.g., DP) which udlise perennial food-
plants the supply of food is approximately constant from year to year. At DP, both
population density of E. editha and the spatial pattern of survival of pre-diapause larvae are
determined by intraspecific competition for food. Macroclimate apparently has no effect
on mortality, and senescence of the food-plant is unimportant to E. editha. It is predicted
that such populations will prove very stable through time, local extinction being unlikely.»
(SINGER, 1971a). This expectation has proven completely false. The drought has reduced

_the DP population by two orders of magnitude and the JR populations by only.ongorder. ... ..

“(EHRLICH et al, in prep.). The failure of this prediction serves as a lessonthat those
populations which are most intensely regulated under most conditions are not necessarily
the least susceptible to environmental fluctuations — in this case the answer would depend
on the exact nature of the response of the host to drought (keep stored resources for next
year??) and the initial density of the insects, which, if high, would result in an overcompen-
sating crash as many eggs would be laid on small plants, and most larvae would die in the
classic «<seramble» competition resulting. Indeed, in the year 1970 and 1971 the proportion
of pre-diapause farvae starving to death at DP was over 99%, almost the same as that at JR.
The difference was that plant senescence was relatively late at DP, and the fack of food was
due entirely to its consumption by larvae. 100% defoliation occurred in many parts of the
habitat. With hindsight, and in the light of recent models such as those of MAY and OSTER
(1976) we can see how such an intensely density-dependent situation may be unstable. If
this interpretation is correct, the DP population should stage a rapid and dramatic recovery
to its former density or higher.

More interesting still has been the large-scale extinction during the drought of popula-
tions of E. editha which lived in the Sierra foothills and fed on Collinsia tincioria. Three
out of four such populations under study have become extinct in the last two vears. The
surviving populfation at Indian Flat (IF) is not the one which had the most favorable «phase
relationship» for most insects, but does have two factors in s favor:
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1. It covers a larger arca than the other three.

2: 1t has a high diversity of plant senescence times, permitting early adults from drier areas
to find suitable oviposinion sites in shadv areas in at least the first of the two dry years.

The reason for extinction of one of these papulations, Agua Fria (AF) is quite clear. In
1977, a search of about half the habitar revealed only 23 individual host-plants, and damage
from probably one E. editha larva was found. In 1978, several thousand plants are present.
Clearly, the hosts have a «seed bank» strategy, and do not germinate in dry years. The
equivalent strategy of E. editha, repeated diapause, probably will not be effective in these
circumstances since our laboratory observations indicate that larvae which break diapause
die if they are unable 1o feed at all. They need to find at least some food if they are to store
reserves and survive a second summer. At AF in 1977, all but one of them found no food at
all. Again, our earlier knowledge of these populations led us to expect that they would be
more stable to drought than IR, since female insects can predict quite accurately the furure
senescence time of an individual plant, This they do by ovipositing on unopened buds, In
contrast, fernales at JR seemn unable to distinguish berween plants which will remain green
for one week and those which will last another three or four weeks.

At least one population of E. editha (WK), at 1800 m elevation in the Sierrz Nevada
mountains, has remained stable following the drought. At this site, larvae break diapause
and host plant seeds germinate in synchrony when the snow melts over them. Thus, lower
winter rainfall results in earlier snowmelt and earlier flight of E. ediitha, affecting the timing
of the growing season more than its length. Winds which affect the depth of siow drifting
will also be important, Thus, the lack of adverse effect of the drought is not surprising. At
even higher elevations (for which we do not yet have data this year) low accumulation of
snow in winter («droughts) may even lengthen the growing season, which should start
early and conzinue through the summer, fueled by convectional rains.

In conclusion, populations of the butterfly Euphydryas editha differ dramatically in their
response to drought, which s stressful 10 some populations and less so or not all to others.
The reasons for these differences lie in the details of the relationships which exist in each
population between the burterfly and its host plants and parasites or predators. Any
possible generalization would need to account for the effects of these specific refationships
and their interaction with climate on population dynarnics. We cannot generalize about the
population dynamics of the species. E. editha, since so much interpopulation variabiliry
exists. :

The history of one population supports theoretical predictions that extreme density-
dependence may result in large-scale fluctuations, but other populations of E. editha whick
we have studied fluctuate apparently independently of their densities in response to
changes in quality and quantity of food which are simply the result of the imeractions
between the host-plant and climaric factors. Thus, there is frequently no reciprocal
interaction berween the insect and its food supply. Susceptibility to climatic stress may be
great whether host-plants are annual or perennial ~ indeed, c’fianges in quality of perennial
plants during drought may be as severe in their effects as changes in quantity of annuals.

Extinctions seem to be frequent in populations of more than one ecotype of E. editha.
We should note that in most instances such extinctions entail the elimination of all genetic
material in the population. These events represent large-scale death rather than large-scale
emigration, and even if the latter were the case, migrants are unlikely to contribute
genetically to other populations for reasons expounded by EHRLICH et al. (1975) and
GILBERT and SINGER (1973). '
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